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Abstract 
The variability of the respiratory surface area of Simulium monticola FRIEDERICHS, 1920 and 
Simulium argyreatum MEIGEN, 1838 pupae was studied in detail. 333 pupae from Western 
Carpathian Mts. were investigated. According to the tubercles on thorax and head of the pupa 
of S. monticola, two morphological forms were distinguished (S. monticola 1 and S. montico- 
la 2). Both were studied separately. In any species or form respectively we measured the 
lengths of all respiratory filaments and basal trunks, the widths of the basal trunks, the widths 
of the filaments on their proximal and distal end and the widths 0.25 mm from the proximal 
end. In all species (forms) differences in the size of the respiratory surface area between the 
first (April - June) and the second generation (August - October) were found. In S. montico- 
la 1 the mean real respiratory surface area was significantly (p < 0.001) larger in spring (3.67 
mm 2) than in summer (2.19 ram2). In S. monticola 2 the mean real respiratory surface area 
was 3.45 mm 2 in spring, and it was significantly larger in females than in males (p = 0.034). 
In S. argyreatum the mean real respiratory surface area was 2.80 mm 2 in spring 2001 while in 
different summer generations it was significantly smaller: 1.58 mm 2 in 1999, 1.84 mm 2 in 
2000 and 2.12 mm 2 in 2001. All these groups differed significantly from each other. Regres- 
sion models could explain 64.5% (power model) of the real respiratory surface area in S. 
monticola 1 and 19.9% (various models) of the real respiratory surface area in S. argyreatum 
due to the variability of the adult size. 
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Introduction 
The need to study morphometric variability of blackflies 
(Simuliidae) arises particularly from unsolved taxonom- 
ical problems. Blackflies are known to be relatively dif- 
ficult to identify due to their morphological homogene- 
ity (CROSSKEY 1981). Two main mistakes can be made: 
either different real species are merged into one 
"species" or real species with great variability are split 
into several separate "species". The morphological ho- 
mogeneity and great intraspecific variability of black- 
flies makes both mistakes highly probable (PETERSON & 
DANG 1981). 
The pupal respiratory organs (spiracular gills) belong 
to the most important taxonomical characters in black- 
flies and the number of filaments, their branching, their 
shape, and the form of the basal trunks are used as iden- 
tification characters. 
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However, the intraspecific variability of blackflies 
has rarely been studied in detail. JDEIeKA (1978) inves- 
tigated the variability of several characters of Simulium 
ornatum MEIOEN, 1818 and Simulium trifasciatum CUR- 
TIS, 1839. According to this study, there was consider- 
able overall seasonal variability which was particularly 
large in the spiracular gills. In some characters the dif- 
ferences among various generations ofone species were 
larger than the differences between closely related 
species. A further study, which was focused on the gills 
of S. ornatum, revealed that the respiratory surface area 
of the spring generation was significantly arger than in 
the summer and autumn generations. Although the respi- 
ratory surface area in autumn was larger than in summer 
the difference was not statistically significant (JEDLIeKA 
1998). This study confirmed the known and already pub- 
lished knowledge (DAVIES 1957; Rr)nM 1971) that the 
adults were significantly arger in the spring than in the 
two following generations. 
Until now, several details of the structure and func- 
tion of the gills remain insufficiently known. HINTON 
(1976) mentioned the existence of small openings in the 
outer thin membrane, which separates the oxygen trans- 
porting air layer from the surroundings. These openings 
have never been confirmed (CROSSKEY 1990). MESSNER 
& GRXFNER (1983) discussed the possibility of retaining 
of small air bubbles by larger openings in the outer 
membrane. The existence and the origin of these open- 
ings also is not clear (CROSSI~Y 1990, 1991). 
In the following study we have analysed the pupal 
spiracular gills of Simulium monticola FRIEDERICHS, 
1920 and Simulium argyreatum MEmEN, 1838. The aim 
of this study is to verify if the seasonal variability of the 
respiratory surface area in these species, which live in 
mountain streams, is of the same kind as in the ecologi- 
cally more plastic S. ornatum. 
Material and Methods 
The material we analysed along with this study was col- 
lected in the Western Carpathian Mts. (in the Malfi Fatra 
Mts. and the Nfzke Tatry Mts.) in the period of 
1999-2001. In order to record the seasonal variability in 
detail, the material was collected uring the whole year 
2001. According to morphological differences in the 
pupae of S. monticola two forms (further S. monticola 1 
and S. monticola 2) were distinguished. In S. monticola 
1 the tubercles on the thoracic tergum and the frontal 
part of the head capsule are relatively uniformly dis- 
tributed and they form small groups. The tubercles are  
present in the area surrounding the base of the gills. In 
S. monticola 2 the distribution of the tubercles on the 
thoracic tergum is not uniform and they are aggregated 
into large groups often containing several tens of tuber- 
cles. In the area surrounding the base of the gills they are 
absent and in the frontal part of the tergum they are rare 
in comparison with the lateral part. On the frontal part of 
the head capsule the tubercles are completely absent, or 
they are found in several large groups and altogether less 
numerous than in S. monticola 1. 
Altogether, 333 individuals of the monticola species 
group were measured. 198 pupae belonged to S. ar- 
gyreatum, 91 to S. monticola 1 and 44 to S. monticola 2. 
Although individuals corresponding to SimuIium maxi- 
mum (K>roz, 1961) as described by KNOZ (1961, 1965) 
were present in the material, they were included in the 
anslyses as S. monticola 1 or S. monticola 2. The sum- 
mer generation of 1999 from Nfzke Tatry Mts., the sum- 
mer generation 2000 and spring and summer generations 
2001 from Mal~i Fatra Mts. were analysed in S.argyrea- 
turn. In S. monticola 1 and 2 the spring and summer gen- 
erations 2001 from Malfi Fatra Mts. were studied. The 
summer generation of S. monticola 2 was very scarce, 
only 5 individuals were found, and it was not possible to 
perform statistical nalysis with them. 
Measurements forall species and forms were made of 
the lengths of all filaments and lengths of all basal 
trunks, the widths of all basal trunks, widths of the fila- 
ments on their proximal and distal end and the widths of 
the filaments 0.25 mm from the proximal end. The respi- 
ratory surface area of each filament was approximated 
as the sum of two truncated cones (the first was 0.25 mm 
high and beginning on the origin of the filament, he sec- 
ond reached from the end of the first to the end of the fil- 
ament). The whole respiratory surface area was calculat- 
ed as the sum of values obtained for all 12 filaments (6 
on each side). Because many filaments were broken, we 
have distinguished the real and the potential respiratory 
surface area. The real respiratory surface area was calcu- 
lated for each individual. The potential respiratory sur- 
face area is the whole surface area without any broken 
parts, and thus it could be calculated for some individu- 
als only. As there are little differences in the size of both 
sides of the gills, broken filaments were considered tobe 
as great as the corresponding unbroken filaments on the 
opposite side of the pupa for the purpose of estimating 
the potential surface area. 
To trace the size of the adult flies originating from the 
single pupae, the pupae were collected separately and 
they were incubated to rear the adults. The length of the 
first metatarsus in these adult flies was measured. 
The statistical nalyses was performed for the genera- 
tions of every species/form, the sexes of every 
species/form and the '20-day periods', e.g. the pupae 
collected in 20 subsequent days. These groups were 
formed in order to record the possible changes of the 
characters within one generation. The characters were 
compared with the Student's t-test (between two groups) 
or with the single-factor analysis of variance and with 
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the Tukey's HSD test (among more than two groups). 
Different regression models (linear, quadratic, com- 
pound, growth, logarithmic, ubic, sigmoid, exponen- 
tial, inverse, power) have been examined to explain the 
respiratory surface area as a function of the size of the 
corresponding adults. 
Results 
5. monticola 1 
The mean real respiratory surface area (Fig. 1) was 
2.93 mm 2. In the spring generation the mean real respi- 
ratory surface area was significantly (p < 0.001) larger 
(3.67 mm 2) than in the summer generation (2.19 mmZ). 
The mean potential respiratory surface area (Fig. 2) was 
3.00 mm 2 and differed significantly (p < 0.001) between 
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the spring (3.70 mm 2) and autumn (2.21 mm 2) genera- 
tion. Significant differences between the 20-day periods 
within one generation were found neither in the potential 
nor in the real respiratory surface area. No differences 
were found in the surface area between the sexes in any 
generation. There was an evident correlation between 
the length of the metatarsus and the respiratory surface 
area (Figs. 3 and 4). The regression models of adult size 
against respiratory area explained up to 64.5% of the 
real (power model, F = 133.9, p < 0.0001) and 66.6% of 
the potential respiratory surface area (quadratic model, 
F = 48.9, p < 0.0001, Fig. 4). 
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5. monticola 2 
The mean real respiratory surface area in the spring gener- 
ation was 3.45 mm 2 and the mean potential respiratory 
surface area was 3.48 mm 2. In females the real respiratory 
surface area was significantly higher (p = 0.034) than in 
males and the difference between the sexes was even larg- 
er in the potential respiratory surface area (p = 0.005). The 
generations were not statistically compared but the indi- 
vidual values for both, the real and the potential respirato- 
ry surface areas of the summer generation were lower than 
the minimal individual values of the spring generation. 
5. argyreatum 
The mean real respiratory surface area (Fig. 5) was 2.16 
mm 2. In the spring generation (2001), which pupated in 
April and May it was 2.80 mm 2, in any summer genera- 
tion (August - October) it was significantly smaller 
(1999:1.58 ram2; 2000:1.84 mmZ; 2001:2.12 mm2). 
Also, all differences among these summer generations 
were significant. The mean potential respiratory surface 
area (Fig. 6) was only moderately larger than the real one; 
it reached 2.21 mm 2, The potential surface area changed 
among the generations in the same fashion as the real sur- 
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face area, except hat here was no significant difference 
between the summer generations 1999 and 2000. No sig- 
nificant differences in surface area were found between 
the sexes in any generation. Although there was a signifi- 
cant correlation between the length of the first metatarsus 
and the respiratory surface area, the regression models 
with adult size as the independent variable xplained no 
more than 19.9% of the real (linear, compound, growth 
and exponential models; all F = 18.1 or 18.2; p = 0.0001) 
and 12.5% of the potential (linear model; F = 6.3; p = 
0.017) respiratory surface area (Figs. 7 and 8). 
Discussion 
The studied species and forms from the Simulium monti- 
cola species group occur in mountain streams in their 
whole area of distribution. Their habitat differs from the 
habitat of the previously studied S. ornatum (lowland 
and submountain streams) particularly in the water tem- 
perature, the current velocity and the concentration f 
dissolved oxygen. The seasonal variation of these fac- 
tors is similar in both habitats although they differ in 
quantity. It was interesting toverify if the changes of the 
respiratory surface area are the same in the studied 
species. We have confirmed this tendency and thus we 
can assume that it could be a general tendency inblack- 
flies. On the other hand the changes of the respiratory 
surface area are not isolated and they are related to 
changes of the whole body size. 
The size of blackflies probably is affected by several 
environmental f ctors. In temperate r gions the influ- 
ence of the water temperature s ems to be the most im- 
portant (DALY 1985), i.e. there is a negative correlation 
between the water temperature and size (DAVIES 1957; 
JEDLI~KA 1978; NEVEU 1973a; ROttM 1971). However, 
laboratory studies have shown that the food supply can 
also affect size (CoLBo & PORTER 1979). Additionally, in 
tropical regions the annual temperature fluctuation can 
be omitted but the seasonal variation in size occurs. 
CHEKE & HARRIS (1980) have explained 73% of the sea- 
sonal changes in the body size of females in S. damno- 
sum complex to be correlated with rainfall. However, 
AL~NCAR et al. (2001) did not find any difference in the 
size of larvae, either between sexes or between popula- 
tions of S. perflavum originating from places with differ- 
ent food type and between larvae that were caught at dif- 
ferent imes of the year. 
In S. argyreatum, the differences in the respiratory 
surface area among summer generations from three dif- 
ferent years and from different localities indicate that he 
size of gills is affected by environmental f ctors and not 
just different between the generations. 
As the seasonal changes in size of the respiratory or- 
gans were correlated to the seasonal changes in size of 
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the adults we assume that the body size of the develop- 
ing adults can affect he size of respiratory organs. On 
the other hand we have to bear in mind that the size and 
probably the shape of the gills could also be affected by 
other factors, e.g. different oxygen concentration i  
water during the year, different rate of development or 
some factors influencing the intensity of respiration. 
In the regression models we used for S. monticola 1, a 
large part of the variability of the respiratory surface 
area is explained by the size of adult flies (Figs. 3 and 4; 
up to 66.6% for the potential and 64.5% for the real res- 
piratory surface area). In S. argyreatum various regres- 
sion models could not explain more than 19.9% from the 
overall variability of the real respiratory surface area 
(Fig. 8) and 12.5% of the potential respiratory surface 
area (Fig. 7) by the size of the hatching adults. 
The seasonal changes in body size of S. argyreatum 
and S. monticola were studied in the Atlantic Pyreneans 
Mts. (NEVEU 1973a). The volume of adults increased 
with decreasing temperature and the largest adults were 
found in winter when the larvae grow slowly. These 
Pyrenean populations are similar to the Carpathian ones 
in that they also have 2-3 generations annually but they 
also pupate in winter (NEVEU 1973b) when the largest 
adults occur. 
Similar seasonal patterns of the size fluctuations like 
in blackflies were found also in other aquatic insects 
(Ephemeroptera, Plecoptera, Trichoptera). Their size 
changes easonally and further differences occur when 
comparing different years (ZWICK 1977; ILLIES 1979). 
Although there was a correlation with water tempera- 
ture, this factor itself could not completely explain the 
changes in body size. 
In S. monticola 2 significant differences in the respi- 
ratory surface area seem to exist between males and fe- 
males were also found. The period of pupation was very 
short in this form and most of the individuals we were 
able to study originated from the same date. As males 
are known to pupate arlier than females and because the 
characters vary seasonally in size the evaluation of sexu- 
al differences i not easy to verify in species that have 
longer pupation period. However, in the spring genera- 
tion the respiratory surface area decreases continually 
and in the summer generation it increases while the shift 
of the sexes remains the same. 
To explain the reasons of the changes in the form and 
the size of the spiracular gills of blackflies it may be es- 
sential to understand their structure and function in de- 
tail. 
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